This viewpoint relates to an article by Jorge Kurchan (1998 J. Phys. A: Math.
states, natural nonequilibrium steady states as they are sometimes called) are smooth along unstable directions and fractal in the stable direction, which was conjectured to play a grand role in the understanding of production of entropy. In the 1990's these ideas appeared as foundational for nonequilibrium statistical mechanics [2-6]. There was the feeling that the important aspects of diffusion, transport and dissipation were actually hidden in the Lyapunov spectrum of the underlying dynamical system or in the nature of SRB-states. And an extension of the ergodic hypothesis was formulated, that "quite generally a system exhibiting chaotic motions does so in a maximal form so that it can be supposed to be a transitive hyperbolic system." [7, 8] . The idea of that "chaotic hypothesis" was then that macroscopic 2 In this anniversary year for Marian von Smoluchowski, it be remembered that as a pioneer of statistical considerations in physics he explained that "a process appears irreversible if the initial state is characterized by a long average time of recurrence compared to the times during which the system is under observation." in Smoluchowski, Physik Z. 17, 557 (1916) . 3 Of course, the discussion on the origin of dissipation was even much older, e.g. appearing in the work systems, if not under an integrable dynamical system, could be regarded as transitive hyperbolic "Anosov" dynamical systems. We will refer to those also below without further explanations; the reader can imagine smooth deterministic chaotic maps.
II. FLUCTUATION THEOREM IN DYNAMICAL SYSTEMS
As mentioned before, statistical or probabilistic arguments have always been at the heart of a qualitative understanding of dynamical systems and ergodic theory. The theory of large deviations for dynamical systems (where the large parameter is time) can be seen as a fluctuation theory around the law of large times (ergodic theorem) [9] [10] [11] [12] . The fluctuation theorem in the theory of smooth dynamical systems uses it exactly for the variable phase space contraction rate in reversible dissipative Anosov systems. In fact, there are various possible versions [13] [14] [15] [16] [17] , but one that requires a nontrivial limit procedure is the steady state version, also known as the Gallavotti-Cohen fluctuation theorem [11, 14, 18] .
In 1993 Evans, Cohen and Morriss discovered
5 a symmetry in the fluctuations of the phase space contraction of a thermostated dynamics [15] . In the 1980's numerical algorithms (molecular dynamics simulations) for isokinetic and isothermal motion had been developed using deterministic thermostated dynamics [5, 6, 19] , e.g. attempting to simulate the canonical ensemble. These codes could also be used for driven systems, and it was easily seen (at least in many cases) that the phase space contraction 6 could in fact be identified with the entropy production [15, 20, 21] . There was no heuristic derivation of these thermostated (non)equilibrium dynamics but their success in simulation was much appreciated and trusted. Gallavotti and Cohen went on to prove a fluctuation symmetry for the steadystate distribution of the time-averages of the phase space contraction rate [14] .
There is a reversible smooth dynamical system x → ϕ(x) on the phase space Γ (a compact 5 Attempting the history of the fluctuation theorems and the problem of attribution is much like entering a minefield, many have felt. This is no place for such a discussion. 6 For dynamical systems change in Shannon entropy coincides with the phase space contraction rate [21] .
That change in Shannon entropy for smooth dynamical systems could be maintained in the SRB-state because of the presence of "fractal directions" (or non-absolutely continuous pieces) in contrast with the invariance of that Shannon entropy under the Liouville equation. In that way phase space contraction was naturally associated to entropy production rate.
and connected manifold). The transformation ϕ is a diffeomorphism of Γ and it is reversible in the sense that there is another diffeomorphism π with π 2 = 1 for which πϕπ = ϕ −1 . One assumes sufficient chaoticity in the sense of having a uniform hyperbolicity (and dealing with a transitive Anosov system). There is a unique SRB-state with expectations 
for large time τ . The theorem states that w τ (x) has a distribution P τ (w) with respect to the SRB-state such that
The stated property is then called the Gallavotti-Cohen symmetry. We refer to [11, 14, 18] for more precise statements. What interests us here more is that the theorem became famous for nonequilibrium statistical mechanics [14, 18] . There remained the idea that deterministic chaos was very important for the origin of the second law, and the fluctuation theorem was thought to add a correction to that law; see the title of [15] . The fluctuation theorem itself was general and non-perturbative but a further reason for the appreciation of the fluctuation theorem indeed came from the derivation of the Onsager reciprocity and Green-Kubo relations in linear response around equilibrium [22] .
III. FLUCTUATION THEOREM IN STATISTICAL MECHANICS
The main observation of Jorge Kurchan in the introduction to his paper [23] , is that surely stochastic dynamics are sufficiently chaotic to satisfy the fluctuation symmetry of Gallavotti and Cohen. In Kurchan's view the "chaotic hypothesis" is nothing but demanding stochastic stability, i.e. continuity of expectations with respect to the addition of some noise. So he went on testing that symmetry for Langevin dynamics, driven and with a clear meaning of the physical entropy production. It was the paper that started the broader community of statistical physicists to look more closely for non-pertubative relations in nonequilibrium theory. The paper was followed by [24] [25] [26] where the relation with time-reversal was re-enforced and emphasized. A simple example in [23] is taking an underdamped dynamics with damping γ > 0,
where ξ is standard white noise. The force f does not come from a potential (we imagine higher dimensions, multiple particles or nontrivial topology of the domain to make that possible but take a one-dimensional notation for just one particle with mass m). The entropy flux in the thermal environment is S(ω)
Kurchan assumes that there is a non-zero average S = σ t in the steady state, and considers the distribution Π t of p = S/(σ t). What he shows is that
where the relation in the right-hand is the Gallavotti-Cohen fluctuation symmetry (3).
By now the fluctuation theorem has been extensively studied, and was the start of many new developments for nonequilibrium statistical mechanics. It is now understood that these fluctuation symmetries, and other relations such as the one of Jarzynski all derive from the same premise and logic which is now summarized as the statement of local detailed balance [25, [27] [28] [29] : that for a system in sufficiently weak contact with spatio-temporally sufficiently separated equilibrium reservoirs, the ratio of probabilities of a system trajectory ω with respect to its time-reversal θω satisfies Kurchan's paper however opened these avenues by bringing the Gallavotti-Cohen symmetry within the context of more standard dynamical fluctuation models that also belong to the conceptual framework of statistical physics. 
